Twenty-four patients with staphylococcal septicaemia due to permanent (14) and temporary (10) endocardial pacemakers were reviewed. With permanent pacemakers local inflammation was usually present and the onset of septicaemia rapid. If patients were treated with high dose intravenous flucloxacillin combined with removal, recovery was usual. In patients with retained endocardial tips (6) we eradicated infection with medical treatment alone in four cases.
Introduction
It is well recognized that the presence of an implanted foreign body predisposes to infection and that plastic devices in particular are associated with staphylococcal infections'. Cardiac pacemakers have been in use for over 20 years and are amongst the commonest permanent implants in use. Because of their intravascular site they may predispose to septicaemia-and particular therapeutic problems arise when pacemaker tips become embedded (and cannot be readily removed) or when endocarditis supervenes''.
In this article we review septicaemia in patients with temporary or permanent pacemakers, and in patients whose endocardial wires have become embedded, who attended the pacemaker clinic at St George 's between 1982 and 1987. Patients and methods Examination of cardiac pacing files, microbiology records and hospital archives' analysis revealed 24 patients with pacemakers who developed septicaemia in the five years between 1982 and 1987. Fourteen of these had permanent pacemakers and 10 had temporary wires.
Septicaemia was defined bacteriologically as the same isolate from both bottles of a single blood culture set, or from a single bottle of at least two sets. This laboratory used a two bottle system -a diphasic medium with brain heart infusion and a thiol broth. In all cases clinical evidence of septicaemia was present.
Results

Permanent pacemakers
Fourteen patients (9 males and 5 females) developed septicaemia. The mean age was 68. Each patient had a single episode, apart from six patients with retained endocardial wires (see below) and one patient with endocarditis. One patient had underlying diabetes mellitus and another had undergone aortic valve replacement 20 years previously. The others were well, apart from the cardiological indication for pacing.
Of the 14 patients, 13 had evidence of local inflammation at the box site or wound and the same organism (at least by antibiogram) was isolated from site wound swabs in seven patients. In six cases this was the initial pacemaker insertion but on only one occasion did septicaemia arise following revision for electrical reasons (local infection or retained endocardial wires were present in the seven other cases). In one patient insertion coincided with removal of a temporary wire.
The mean interval between procedure and onset of Staphylococcus aureus septicaemia was 8 days in those patients without retained wires. The two patients with S. epidermidis septicaemia became unwell four and 11 months respectively after the initial insertion.
S. aureus was causative in 12 of the 14 cases but in only two cases was the organism penicillin sensitive. There was a single erythromycin resistant isolate. No methicillin resistant organisms were isolated. In every case all blood cultures taken were positive and both aerobic and anaerobic bottles yielded growth in all but one case where details were available.
All patients who were given appropriate therapy in adequate dosage recovered. One patient who died before blood cultures became positive received ampicillin (to which the organism was resistant) and the other patient who succumbed had been given oral flucloxacillin 250 mg 6 hourly. All patients who were treated before blood cultures became positive (apart from the two deaths mentioned above) received flucloxacillin and ampicillin in adequate doses. When blood cultures became positive all but two patients were given combined appropriate antistaphylococcal antibiotics for between 7 days and 5 months. Twelve of the 14 patients recovered fully but two of these required prolonged therapy for endocarditis. There was no association between use of a single drug or 0141-0768/89/ 070396-03/$02.00/0 © 1989 The Royal Society of Medicine drugs in inadequate dosage and the development of endocarditis and neither patient had existing valve damage. None of the patients developed septic emboli as a consequence of their septicaemia.
Removal of the endocardial wire was combined with medical treatment where possible. However, six patients had retained endocardial pacing tips despite repeated attempts to remove them, of these four had recurrent septicaemias (a total of 10 episodes). In one patient a brief course of treatment with antibiotics alone was successful in preventing subsequent episodes of sepsis. In three patients infection was eradicated following prolonged treatment for a total of seven episodes of septicaemia. The subsequent episodes in each patient occurred after stopping treatment. No patient became unwell while on adequate doses of appropriate antibiotics and no organisms became resistant to antibiotics despite prolonged therapy. In two other patients combined medical and surgical treatment cleared the infection. Surgery involved thoracotomy and cardiomyotomy. In all cases success was associated with high dose flucloxacillin therapy 1 g 4 hourly, or 2 g 6 hourly for prolonged periods.
Case report
A 20-year-old womanpresentedwith sino-atrialdiseaseand a permanent pacemaker systemwas inserted.Overthe next 10 years four new units were inserted due to inadequate pacing. The final change involved the insertion of a new endocardial wire. The old wire had become embedded and could not be removed. It was cut short and tied and the patient was given flucloxacillin. A week after stopping treatment she represented septicaemic. S. aureus was isolatedfromthree sets ofblood cultures and she wastreated with high dose intravenous flucloxacillin (to which the organism was sensitive)for one week and oral therapy for a further 8 weeks. Six days after stopping antibiotics S. aureus was again isolated from the blood and she was clinically unwell. The unit was removedbut this wire was also retained. Intravenous flucloxacillin 2 g 4 hourly controlled the sepsis. The second retained wire was removed under continuous traction and 9 days later the antibiotics were stopped, after 24 h she was again septicaemic. An attempt to remove the initial wire at cardiomyotomy was unsuccessful. An epicardial system was inserted and the earlier units removed leavingonly a retained tip. High dose oral flucloxacillin and rifampicin for 3 months cleared the infectiondespite the embedded tip. She has remained well since (now over 2 years).
Temporary wires
Ten patients developed septicaemia following insertion of temporary pacemakers. In only a single case was local inflammation present. Seven patients became septic following insertion and two following removal of the wire. None had received antibiotic prophylaxis.
Septicaemia developed between 1 and 8 days following manipulation with a mean of 3.8 days. S. aureus was isolated in all cases but in a single patient it was associated with group G streptococcus. In six cases the S. aureus was resistant to penicillin, a single isolate was fucidic acid resistant and none was methicillin resistant. In five patients the same organism was isolated from the pacing wire tip.
Nine of 10 patients were treated with an initial regimen which included flucloxacillin at between 500 mg and 1 g four times a day. Four patients were given combined antistaphylococcal antibiotics. In only one case was oral treatment used, and in all the wire was removed.
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Those patients with S. aureus septicaemia alone, were treated with courses of antibiotics ranging from 4 days to 6 weeks. However, in only two cases was treatment given for longer than 14 days. None of our patients developed infective or post-infective sequeleae.
Discussion
In the five years between 1982 and 1987 approximately 1750 permanent pacemakers were implanted at St George's Hospital. Of these only 14 patients developed septicaemia. If those six patients with retained endocardial wires are excluded only eight patients became septic. The incidence of local infections was not noted in the study.
There were no predisposing diseases and the cardiological indication for pacing was not related to the development of sepsis. However, local infection was present in virtually all cases, and hence clinical sepsis with an infected site is an indication for prompt treatment. In more than half the patients, revision (for other than electrical reasons) appeared to precipitate septicaemia.
Unfortunately from this study it is not possible to estimate the incidence of septicaemia in patients undergoing revision for reasons of local inflammation. A further study is required but antibiotic prophylaxis should be offered to this group (probably with cephradine or flucloxacillin).
Because of the prompt and excellent yield from blood cultures these may be helpful in altering initial empirical treatment within 48 h. Treatment in all our cases included flucloxacillin and ampicillin. It seems (providing methicillin resistant S. aureus is not a problem) that high dose flucloxacillin intravenously together with a second antistaphylococcal antibiotic such as fucidic acid (or gentamicin in patients with clinical septicaemia) is appropriate. All patients should be observed carefully for the development of endocarditis and echocardiography should be performed.
In patients with retained endocardial tips every effort should be made to remove the embedded wire. However, if a significant contra-indication to surgery exists and the tip cannot be removed by non-invasive means prolonged medical treatment with high dose combination therapy may be successful. We eradicated infection in the four patients in whom this treatment was used, as the case illustrates. None of our patients were clinically septic while on treatment and only became so when antibiotics were prematurely stopped. We would, therefore, suggest that 3-6 months' high dose combination treatment may successfully eradicate infection in patients with retained tip when surgery is not appropriate. Serum bactericidal levels are helpful to ensure adequate serum levels have been obtained.
While exact records were not available on the numbers of patients who were treated with temporary pacemakers, the incidence of septicaemia appears low (10 cases in 5 years). Septicaemia develops more quickly following insertion of temporary rather than permanent pacemakers (3-8 days rather than 8 days) and it was likely that the organism was introduced at the time of insertion (often an emergency procedure).
Most patients responded to high dose flucloxacillin and removal of the wire and this is the treatment of choice in centres where MRSA is not a problem. 
